Introduction
============

When talking about urethral carcinoma (UC), what we tend to think of is its rare nature, accounting for less than 1% of malignancy.[@b1-cmar-10-6815] Owing to its rare nature, clinicians have failed to notice the occurrence and pathophysiology of UC. What is more, no one has mentioned the effect of rare pathological types on individuals.

Cancer statistics of 2017 revealed the data of ureter and other urinary organs, including an estimated 3,630 new cases and 920 estimated deaths.[@b2-cmar-10-6815] The annual incidence of primary urethral carcinoma (PUC) is estimated to be 1.6/million in men and 0.6/million in women with an age-standardized ratio in Europe, while in the USA, the annual incidence is 4.3/million in men and 1.5/million in women, as analyzed by the Surveillance, Epidemiology, and End Results (SEER) registry.[@b3-cmar-10-6815],[@b4-cmar-10-6815]

Predominant histological types of UC are composed of urothelial carcinoma of the urethral (54%--65%), squamous cell carcinoma (SCC; 16%--22%), and adenocarcinoma (AC; 10%--16%), as recorded in the European Association of Urology guidelines of 2018.[@b5-cmar-10-6815] If the above three pathological types are proposed as common pathological types, then what we are mainly discussing in this paper is the collection of all the pathological types except the above three, which we will call rare pathological types. The relation between survival time and gender, age, race, and TNM stage of common pathological types of PUC has been demonstrated by many researchers.[@b6-cmar-10-6815]--[@b10-cmar-10-6815] Until now, rare pathological types of PUC have not been mentioned in any paper. In this study, we discuss rare pathological types of PUC, analyzing the relationship between survival time and the gender, age, race, and TNM stage.

Materials and methods
=====================

We collected PUC data from the SEER registry from the years 1978--2015, where the sequence number -- central code number "0, 1" is defined as PUC. T0 stage was also excluded as no evidence of primary tumor. According to the pathological type, the data were divided into two groups, the common pathological type group and the rare pathological type group. A total of 2,908 PUC cases were collected, of which 257 cases were of a rare pathological type and 2,651 cases were of a common type. We excluded urothelial carcinoma (8120, 8122, 8130, 8131), SCC (8070--8076, 8050--8052), and AC (8140, 8144, 8200, 8240, 8260--8262, 8310, 8323, 8380, 8460, 8480, 8481, 8490, 8500, 8542, 8560, 8570). Data with specific survival times were included in this study ([Figure S1](#SD1-cmar-10-6815){ref-type="supplementary-material"}). In order to study the 10-year survival time, any time periods of more than 10 years were adjusted to 10 years, and the corresponding survival status was also adjusted. "Dead" was changed into "alive" in the survival status where survival times were more than 10 years. The ages were divided into old and young groups according to the WHO age classification standard, with the cutoff point at 60-years old.[@b11-cmar-10-6815] Race was marked as "White" and "Others". In T staging, Ta--T2 were combined in one group, T3--T4 were combined in another group, and not mentioned and undocumented in SEER registries was the third group. The presence of lymph node metastasis is the criteria for N staging, and the metastatic criterion was also used in M staging.

All statistical analyses were performed using SPSS 22.0 (IBM Corporation, Armonk, NY, USA). All tumor characteristics were compared using chi-square analyses. Survival curves were generated by the Kaplan--Meier method, and the differences between curves were analyzed using log-rank tests. Univariate and multivariate Cox hazard analyses were used to determine factors correlated with survival. Two-sided *P*\<0.05 was considered to indicate statistical significance.

Ethical approval
----------------

SEER data are deidentified before release and do not contain any personally identifying information. As the data are publicly available, no ethical approval is required.

Results
=======

The number of male and female patients in the common pathological type group was 1,761 and 890, respectively, while the number of patients in the rare pathological type group was 117 and 140, respectively, which were statistically significant (*P*\<0.001). In the TNM stage, there was also statistical significance between the two groups of data (*P*\<0.001; [Table 1](#t1-cmar-10-6815){ref-type="table"}). The survival analysis between the common and rare pathologic groups showed that there was a statistical significance between the 10-year overall survival (OS) and the cancer-specific survival (CSS; *P*\<0.001; [Figure 1A and B](#f1-cmar-10-6815){ref-type="fig"}). The median OS time was 36 and 59 months for rare and common pathological groups, respectively, and their respective 10-year OS rates were 31.9% and 42.4%, respectively. The median CSS time was 61 months for the rare pathological group, while it was not reached in the common pathological group, and their respective 10-year CSS rates were 49.8% and 61%, respectively. It can be seen from the univariate analysis results of rare pathological types that there is statistical significance in age groups (*P*\<0.001), T stages (*P*=0.018; *P*=0.010; *P*=0.032), and M stages (*P*\<0.001; *P*\<0.001; *P*=0.074; [Table 2](#t2-cmar-10-6815){ref-type="table"}). It can be also seen from the survival curve that there are differences in age, T stage, and M stage in survival ([Figures 2C and D](#f2-cmar-10-6815){ref-type="fig"} and [3A--B and E--F](#f3-cmar-10-6815){ref-type="fig"}) and no differences in race, gender, and N stage ([Figures 2A, B, E, and F](#f2-cmar-10-6815){ref-type="fig"} and [3C--D](#f3-cmar-10-6815){ref-type="fig"}). However, in multivariate analysis, it was found that age, race, T stage, and M stage were independent prognostic risk factors for rare pathological types of urethral cancer ([Table 3](#t3-cmar-10-6815){ref-type="table"}). The HR ratio of patients aged older than 60 years and younger or equal to 60 years was 2.778 (*P*\<0.001). The HR ratio of other races to Whites was 1.444 (*P*=0.040). In TNM staging, the HR ratio between T3--T4 and Ta--T2 was 2.386 (*P*=0.046), and the HR value of M1 and M0 was 5.847 (*P*\<0.001).

Discussion
==========

This study used the latest SEER data to analyze the gender, age, ethnicity, and pathological TNM staging of patients with rare UCs. When we compared rare types with common pathologic types, we found that the prognosis of rare pathological types was relatively poor and the median difference in survival time between the two groups was almost 2 years, which was indeed surprising. Our study is the first to study pathologic types in two large groups (common and rare). In univariate analysis, age and T and M staging were statistically significant for OS, and when we put these data into multivariate analysis, we found that race was an independent prognostic factor in addition to the abovementioned three. This may be the reason that confounders cannot be excluded in univariate analysis, so we considered age, ethnicity, and T and M staging to be independent prognostic factors for rare types of urethral cancer.

In previous studies, the 10-year survival rate of urethral cancer was 29.3%.[@b12-cmar-10-6815] These results were obtained from data of all pathological types of UC patients and were not able to distinguish the pathological types. However, in our study, the 10-year survival rate of rare and common pathological types of urethral cancer was 31.9% and 42.4%, respectively, while the 10-year CSS rate was 49.8% and 61%, respectively. In particular, there was no further understanding of the rare pathological types of PUC. Through our analysis, we found that the prognosis of UC with rare pathologic types was indeed poor compared with the prognosis of common pathological types (urothelial carcinoma, SCC, AC).

In this study, there was no difference in prognosis between men and women, which has also been confirmed in other studies.[@b13-cmar-10-6815],[@b14-cmar-10-6815] However, although SCC is most common among women,[@b15-cmar-10-6815] studies have reported that women's prognosis is poorer than that of men in AC.[@b13-cmar-10-6815] There have also been reports of higher clinical stages of AC in Black women than men.[@b14-cmar-10-6815] In the USA, the onset time of male and female urethral cancer is approximately 60 years.[@b15-cmar-10-6815],[@b16-cmar-10-6815] In this study, we studied the age group with 60-years old as the dividing line, and the prognosis of patients older than 60 years with rare pathological cases was worse than that of patients younger or equal to 60 years. Sui et al[@b13-cmar-10-6815] reported that the prognosis for Blacks is worse than that for non-Blacks. In our study, Whites had a better prognosis than other races. The study of Rabbani[@b17-cmar-10-6815] showed that the higher the T stage, the worse the prognosis of the disease; in the N stage, the positive lymph node patients had a worse prognosis than the negative patients; in the M stage, distant metastasis had a relatively poor prognosis. Gakis et al[@b18-cmar-10-6815] evaluated survival factors in a large international cohort study, which showed that recurrence-free survival of PUC was significantly associated with clinical nodal stage, tumor location, and age; however, clinical nodal stage was the only independent predictor for OS of PUC. In our rare pathological types of UC, lymph node positivity was not statistically significant, while T staging and M staging were consistent with Rabbani's results. This may be relevant to fewer cases in our rare group. Cahn et al[@b19-cmar-10-6815] demonstrated that definitive multimodal therapy (definitive surgery \[cystectomy\]+systemic therapy± radiotherapy) for PUC of urothelial histology had OS benefits; however, this survival benefit was not demonstrated with squamous or AC histologies. For the rare types, it is not clear whether the multimodal therapy is beneficial, and it requires more clinical research. We hope to bring more attention to the treatment of rare pathological types of PUC through our presentation on the prognosis.

There are corresponding limitations in this study, which are summarized as follows: First, studies have reported that distal urethral tumors have a better prognosis than proximal urethral tumors.[@b20-cmar-10-6815] There are no data on the specific cancer location in the SEER database, which is why we failed to classify the cancer in this study. Second, there is no record of chemotherapy in the SEER database, so we cannot know whether chemotherapy affects prognosis at the time of this study. Third, this study did not classify the treatment process, such as surgery or local radiotherapy, which may also have had an impact on the results. Fourth, due to the limited number of cases, the rare pathological types cannot be further subdivided and discussed.

Conclusion
==========

After screening PUC in the SEER database between 1978 and 2015, data were divided into two groups according to common or uncommon pathological types. We found that age, race, T stage, and M stage were independent prognostic factors of rare UCs. This may have a predictive prognostic effect for our future clinical work. As a rare disease, UC requires further studies with gene or molecular typing to better diagnose and treat UC patients.

Supplementary material
======================
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Flow chart on inclusion and exclusion of patients.

**Abbreviation:** SEER, Surveillance, Epidemiology, and End Results.
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![Survival analysis between the common and rare pathologic groups: (**A**) OS and (**B**) CSS.\
**Abbreviations:** OS, overall survival; CSS, cancer-specific survival.](cmar-10-6815Fig1){#f1-cmar-10-6815}

![Survival analysis in gender, age, and race with rare pathological type of urethral cancer: (**A**, **C**, and **E**) OS and (**B**, **D**, and **F**) CSS.\
**Abbreviations:** OS, overall survival; CSS, cancer-specific survival.](cmar-10-6815Fig2){#f2-cmar-10-6815}

![Survival analysis in the TNM stage with rare pathological type of urethral cancer: (**A**, **C**, and **E**): OS and (**B**, **D**, and **F**): CSS.\
**Abbreviations:** OS, overall survival; CSS, cancer-specific survival.](cmar-10-6815Fig3){#f3-cmar-10-6815}

###### 

Basic information

                                       Common pathological type, n   Rare pathological type, n   *P*-value
  ------------------------------------ ----------------------------- --------------------------- -----------
                                                                                                 
  Age, years                                                                                     
   ≤60                                 781                           69                          0.211
   \>60                                1,870                         188                         
  Race                                                                                           
   White                               2,024                         201                         0.316
   Others                              627                           57                          
  Gender                                                                                         
   Male                                1,761                         117                         \<0.001
   Female                              890                           140                         
  T stage                                                                                        
   Ta--T2                              749                           40                          \<0.001
   T3--T4                              324                           18                          
  Not applicable/cannot be assessed    1,578                         199                         
  N stage                                                                                        
   N0                                  878                           48                          \<0.001
   N1--N2                              189                           20                          
   Not applicable/cannot be assessed   1,584                         189                         
  M stage                                                                                        
   M0                                  1,005                         47                          \<0.001
   M1                                  92                            22                          
   Not applicable/cannot be assessed   1,554                         188                         

###### 

Univariate analysis of OS in common pathological type

                                       Dead, n (%)   Alive, n (%)   *P*-value   HR      95% CI
  ------------------------------------ ------------- -------------- ----------- ------- ---------------
                                                                                        
  Gender                                                                                
   Male                                75 (29.20)    42 (16.30)     Ref.                
   Female                              100 (38.90)   40 (15.60)     0.174       1.231   0.912--1.662
  Age, years                                                                            
   ≤60                                 32 (12.50)    37 (14.40)     Ref                 
   \>60                                143 (55.60)   32 (12.50)     \<0.001     2.321   1.575--3.419
  Race                                                                                  
   White                               133 (51.80)   67 (26.10)     Ref                 
   Others                              42 (16.30)    15 (5.80)      0.138       1.300   0.919--1.840
  T stage                                                                               
   Ta--T2                              17 (6.60)     23 (8.90)      0.028       Ref     
   T3--T4                              13 (5.10)     5 (1.90)       0.010       2.599   1.260--5.358
   Not applicable/cannot be assessed   145 (56.40)   54 (21.00)     0.032       1.736   1.050--2.872
  N stage                                                                               
   N0                                  23 (8.94)     25 (9.73)      0.213       Ref.    
   N1--N2                              14 (5.45)     6 (2.33)       0.080       1.813   0.931--3.528
   Not applicable/cannot be assessed   138 (53.70)   51 (19.84)     0.261       1.289   0.828--2.006
  M stage                                                                               
   M0                                  25 (9.73)     22 (8.56)      \<0.001     Ref     
   M1                                  5 (1.95)      17 (6.61)      \<0.001     6.118   3.175--11.788
   Not applicable/cannot be assessed   52 (20.23)    136 (52.92)    0.074       1.509   0.960--2.370

**Abbreviations:** OS, overall survival; Ref, reference.

###### 

Multivariate analysis of OS in common pathological type

                                       *P*-value   HR      95% CI
  ------------------------------------ ----------- ------- ---------------
                                                           
  Gender                                                   
   Male                                Ref                 
   Female                              0.379       1.150   0.842--1.571
  Age, years                                               
   ≤60                                 Ref                 
   \>60                                \<0.001     2.778   1.871--4.126
  Race                                                     
   White                               Ref                 
   Others                              0.040       1.444   1.017--2.051
  T stage                                                  
   Ta--T2                              0.009       Ref     
   T3--T4                              0.046       2.386   1.015--5.609
   Not applicable/cannot be assessed   0.008       3.711   1.400--9.836
  N stage                                                  
   N0                                  0.394       Ref     
   N1--N2                              0.319       1.527   0.664--3.514
   Not applicable/cannot be assessed   0.492       0.672   0.216--2.088
  M stage                                                  
   M0                                  \<0.001     Ref     
   M1                                  \<0.001     5.847   2.711--12.609
   Not applicable/cannot be assessed   0.074       1.141   0.382--3.410

**Abbreviations:** OS, overall survival; Ref, reference.
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